SUMMARY
The precirculated abstracts for the Anaesthetic Research Society are unlikely to have had external peer review. They should, therefore, give a good idea of the statistical awareness and understanding of anaesthetists actively involved in current research. A recurring criticism during presentations to the Society is that investigators have misused statistics in some way. Criticism is usually of straightforward statistical principles-commonly the misrepresentation of variability-and rarely of more complicated statistical matters.
Fundamental to any scientific enquiry are problems of design and analysis. If either or both of these are wrong, the research is of little value. Training in medical statistics at undergraduate level attempts to lay the foundations of both these aspects of investigation, but may come too soon and lack the necessary reinforcement to establish good practice when the trainee eventually needs the knowledge.
The problem is not unique to anaesthesia [1, 2] , but was reviewed by Avram and colleagues [3] in 1985 from publications in American journals of anaesthesia. We present a survey of simple statistical errors in abstracts presented to the Anaesthetic Research Society. There will be examples of statistical indiscretions in these abstracts that we do not comment upon, but it is our belief that if the simple matters are not correct, there is little hope for the correct application and understanding of more complex mathematical or statistical ideas.
METHODS
The survey was in three parts. The first was of the representation of variability in figures in the booklets from five consecutive meetings of the Society (from that at Bristol, June 1988, to that at the Royal Free Hospital, November 1989). At the same time, other statistical errors were noted, and from these were framed the more specific questions of the second part of the survey, on abstracts presented to the Society in 1990 at Nottingham, Southampton and Edinburgh.
In the second part, errors were grouped under three headings: errors in the design of the investigation or choice of statistical method; errors in the presentation of variability; errors associated with the presentation of probability. It was not always possible to decide from the abstracts if errors had occurred. No judgement was made of whether or not an identified statistical test was the appropriate one, except when there was clear application of parametric statistics to data that required non-parametric statistical description. The benefit of the doubt was given to the investigators if it was not certain that an error had been made.
In the third part of the survey, intended as a partial comparison with British anaesthesia, we looked at the abstracts of papers and posters presented to the International Anesthesia Research Society in March 1990, prepublished in the February issue of Anesthesia and Analgesia (Volume 70, Number 2S). We limited our survey to figures that showed variables changing with time.
_, RESULTS

Part one
The five booklets contained 32 figures. In 19 figures, there were representations of the mean value of a variable or variables as they changed with time. In only four figures were there clearly labelled error bars. The identity of the error bars was assumed from the text in a further two abstracts, but was unidentifiable in nine. Four of the 19 figures had no indication of variability: the means were presented as simple, single points. All identified error bars were a single standard error of the mean (SEM), except in one figure which showed the 95% confidence limits on the means; in one abstract the standard error had been calculated from only three observations.
Part two
The three booklets contained 115 abstracts. Some abstracts were faulty in more than one aspect, but a particular error was counted only once in an abstract. Sixty-one abstracts had a total of 115 statistical errors. Twenty-one abstracts were judged not to need statistical descriptions; if these are excluded, then 65% of the abstracts presenting numerical information had errors of simple statistics. The specific errors are shown in table I. One hundred and seven of the abstracts were published subsequently in British Journal of Anaesthesia; five of eight abstracts not published contained statistical errors.
Errors in design or choice of method. Patients (or animals) were allocated to groups in 43 studies; whether allocation was random was not stated in nine abstracts. In a further two studies, results were analysed by forming groups after the results were known {post-hoc grouping).
Hypothesis testing was applied to baseline characteristics in seven abstracts.
Tests of inference were made in 68 abstracts, but in 29 of these (43%) there was no or incomplete description of the statistical tests used; parametric methods were used with clearly inappropriate data in one abstract and multiple comparisons were made without appropriate adjustment to probability in six abstracts.
Error in the presentation of variability. In nine abstracts there were either bare means or unidentified indices of variability-error bars in a figure, or numbers (within brackets or preceded by ±) in the text.
Standard deviations (SD) or SEM were used in eight abstracts for data that were clearly skewed. The most extreme was 172 ±82, where 82 was the standard error and the number of observations (n) was 5. This implies an SD of 183 and a putative 95% range of observations of -194 to +538 for a variable that could not have been negative.
In two abstracts, SEM was given without any indication of the number of observations, and in another eight abstracts n was 10 or fewer.
Association was assessed by correlation analysis in seven abstracts. Indications of certainty appeared in only one, as the 95% confidence limits of the regression line on a scatter plot. For the other six abstracts: in one, the claim of a significant result was made without any correlation coefficient (r); in two abstracts, r was given without comment; and in the other three, r and its probability were given, but there was no indication of the range of values of the variables used in the calculation.
Errors with probability. In 21 abstracts-just more than 20% of all the abstracts in which statistical information was given-there was either no numerical information or just probability values (P) for some or all of the variables. These probabilities were of type I (alpha) error. Type II (beta) error was mentioned in only one abstract, and then incorrectly.
Unnecessarily low and exact probabilities were given in six abstracts, including one of P < 0.00005.
Part three
In the 450 abstracts published for the meeting of the 1990 International Anesthesia Research Society, there were 71 figures of a variable or variables changing with time. In 25 figures, values were given as means only. In four of these 25, there was some indication of variability in the text. There were unidentified error bars in a further 12 abstracts. Thirty-one abstracts (44%) included figures with identified error bars, four by assumption from the text, 11 explicitly in the text and 16 explicitly in the figure. Error bars were either single SD (« = 12) or single SEM (w = 19). For eight standard errors, n was 10 or fewer; for six of these, n was 5 or 6.
DISCUSSION
Fifty percent of the abstracts presented to the Anaesthetic Research Society in 1990 contained too little information. Presenters to the Anaesthetic Research Society may be relying on outside agencies for analysis of results, and these agencies may use complex statistical tests, but we have looked only at simple statistical information and investigators should be able to understand and take responsibility for this: "The responsibility for applying statistical principles to research from the planning to the publication stage falls squarely on the authors" [4] .
Abstracts cannot give the detail that will appear in the final report, but we are not convinced by the argument that there is not space in a limited abstract: 35 of the faulty abstracts did not fill the available space. Even in an abstract that does use all the space, a tabulation of results can replace text in which no information is given beyond a list of variables and attached P values.
There are many ways of trying to classify errors in publications. We attempted here to look at three broad areas of straightforward concern. Nearly 50% of the errors relate to issues of design or choice of statistical method-issues that must be resolved if the findings are to have validity.
Random allocation to groups is extremely important in clinical trials [3, 5, 6] , but there was no mention of it in nine abstracts. Readers should not be left to assume that allocation was random. In studies in which there was analysis of subgroups, there may have been errors of allocation that were more complex [7] ; it was not always clear whether allocation was made before or after division into subgroups. Stratified or blocking random allocation may then be needed; some investigators included this detail, but some abstracts were unclear.
We found seven abstracts in which hypothesis testing was applied to baseline characteristics, an illogical method of looking at comparability of randomized groups [8] . The occurrence of this error was probably underestimated: commonly, comparability was not mentioned, or there was a statement that the groups "were comparable", but with no indication if a statistical test had been applied.
In more than 40 % of abstracts in which investigators made inferences about differences within or between groups, the statistical test was not identified or was appended to the result, for example "(P < 0.01, Student's t)". The strength of inference is reduced if investigators choose their statistical test after collecting the data [9] . The statistical tests are part of Methods. The tests should be identified in the methods of a study and so, ideally, they should be described in that section of the abstract or paper. If several tests have been used, it can be helpful in assessing whether tests are used appropriately if tests are appended to results, which might make that form of presentation better in some abstracts.
In the description of variability, some hold firm views of whether SD or SEM is correct [10, 11] . Others, arguing that one may be calculated from the other [3] , are less critical. There must, however, be some indication of variability, the presentation of which Altman described [12] as "a shambles". It is often possible to add data on variability before publication in the Journal, but it should not be necessary to prompt researchers for this information.
More complicated corrections, such as the substitution of P values by confidence Iimits7~cannot easily be made before publication of abstracts. Gardner and Altman [13] wrote about the preferability of confidence intervals to P values in 1986. Pocock, Hughes and Lee [14] concluded: "The overuse of arbitrary significance levels (for example, P < 0.05) is detrimental to good scientific reporting...". An editorial in 1988 [15] preceded a series of papers and a book has since been published [16] on the calculation of confidence intervals for specific circumstances. There were only seven presentations to the Anaesthetic Research Society in 1990 in which confidence intervals were given.
When eventually a study is completed and a full paper submitted, investigators are increasingly likely to be required to give confidence intervals to satisfy a journal's assessors: this is easier when investigators are familiar with them from the start.
Probabilities were given only of type I (alpha) error. Type II (beta) error is a common problem in medical research [17] , particularly in small trials of the type commonly presented as abstracts. We had hoped to do a formal search for beta errors, which undoubtedly occur in presentations to the Anaesthetic Research Society, but the search was unsatisfactory. In many abstracts there was insufficient information to make the calculation; in others we would have had to interpret complicated tables of within-group and between-group comparisons; and we would have had to estimate what constituted a worthwhile difference for many different clinical and laboratory variables. In no abstract in which there were negative ("non-significant") results did the investigators mention the size of difference for which they were looking or the power of the study.
Our limited survey of abstracts presented to the International Anesthesia Research Society showed that misuse of statistics is not limited to British anaesthesia; neither are misuse and ignorance of statistics limited to anaesthetists [2] . It is also naive to expect that correctly applied statistics will validate studies with faulty controls, inadequate numbers or others of the basic flaws that recur in research projects [18, 19] . Correct statistics do not necessarily mean that the conclusions drawn by investigators from their studies are valid [20] , or that they have "generalizability" [21] .
Surveying unrefereed abstracts is, of course, a more severe test than surveying peer-reviewed papers in the journals; surveys of published work, in contrast, tend to be of more complex issues. Avram and co-workers [3] in their American survey reported that randomization was acknowledged in 37% of studies in which randomization was needed, but went on to criticize workers because in 90 % of these the method of randomization was not reported. About 15 % of all articles were without error, but Avram's tests were far more stringent than ours, including the strict noting of the application of interval description to ordinal data, inadequate numbers for testing by chi-square, lack of follow-up to the testing of variance, and other errors. Altman reported [1] a selective statistical survey of a medical journal in 1982 in which 14 of 74 papers (19%) had errors of undefined method or inadequate description of variability.
The statistical content of abstracts presented to the Society could be improved by structured abstracts [22] , which have the added advantage that investigators are required to state the hypotheses they are testing-with the assumption that the hypotheses preceded the collection of data [19] . Medawar wrote about the fiction of this approach in science in general [23] , but for many clinical studies it is entirely appropriate: there are a number of groups, a number of treatments or circumstances and the null hypothesis or hypotheses are known at the outset and can be stated clearly.
Statistics are not always necessary, but when used should be used correctly: "However praiseworthy a study may be from other points of view, if the statistical aspects are substandard, then the research will be unethical" [9] . For papers of a content which warrant it, the Lancet is to include a formal statistical review [24] . The British Medical Journal has for some time had a check-list for statistical reviewers [25] and British Journal of Anaesthesia now sends a list with papers for assessment. Using lists, and with the help of local statisticians, the Anaesthetic Research Society has the opportunity to improve the general standard of reporting in anaesthetic and medical research both in Britain and elsewhere.
